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(54) Differential screw and nut mechanism 

(57) A differentiaf screw and nut mechanism for rotatably adjusting a minror through a small angle comprises a sleeve 12 
having internal and external threads of different a screw actuator 13 engageably received ^In the sleeve 12, and a 
non rbtatable nut member 10 surrounding the sleeve 12. Afriction disc 1 1 restricts rotation of the screw actuator 13 whilst 
allowing axial movement thereof. In use rotatbn of the sleeve 12 loa a member 14 produces linear movement of the 
actuator 13 equivalent to the difference in thread pitoh between the Internal and external threads on the sleeva 
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The State of the Art 

A* wide variety of systems use light in the visible range, and 
many esnploy lasers as a light source, inherent in these systems lies 
a requirenent to deflect and align the light beam. A number of 
devices are commercially available, ihese range from the very basic, 
^ich are relatively inexp^ive, to those which are precise devices, 
nade to exacting limits, and are priced accordingly 

Gaieral Requiremafits 

The general requirements of an adjustable mirror mount are as 
follows. It must support a mirror rigidly and without distortion. 
It must, by adjustment, rotate the mirror through a small angle, both 
plus £nd minus. These movanents are essential on both the vertical 
and the horizontal axes, independently one from the other. The 
movement should be stable when set and wobble free ^ilst being 
adjusted. 

Basic Designs 

Basic designs usually rely upon a vertical fixed plate, in 
front of vrtiich an adjustable plate is mounted. The mirror is mounted 
on the face of the adjustable plate. A Sfpace ^idi exists between 
the two plates, is naintained by a ball and two screvs. A spring is 
used to pull the two plates together. The ball is located in mating 
conical depressions in the plates, near one corner. The two screws 
are positicxied, one below and the the other across from the ball, in 
other corners of the plates. The spring is located roughly in the 
centre of this layout, therdpy applying similar pressure to the three 
points of contact. Translation of the refected light beam is 


achieved by turning the screws. These are invariably of fine pitch 
and typically O.Siran. Unfortunately^ dust and dirt v*iich collects on 
the unshielded threads^ may be carried into the working clearances • 
Undue wear could take place or the threads nay became very stiff or 
even seize if ignored. Ohdesired movement of the mirror often occurs 
^en adjusting this type of device^ making precise setting rather 
tedious. 

Middle Range Designs 

These frequently rely ipon two ginbals, mounted one inside the 
other, and pivoted at 90^ with respect to one another. Ihe drive 
mechanism is invariably a micrometer head for eacli movement and 
contact maintained by q)rings. Bie micraneter thread pitch is 
usually O.Smm. Given a similar leverage length to the above basic 
design, a ccnparable movement rate will be experienced. The giirbal 
pivot is central with the mirror, whereas the pivot ball on the basic 
design is in a comer of the plate. To obtain similar leverage 
length therefore requires the gimbal designs to be i^ysically larger. 
Making much larger units is not always convenient. Tapered wedges 
are sometimes used to increase the ratio, but these are added 
complications. A typica^ leverage loigth of 30mm confined with a 
thread pitch of 0.5mm, produces an angular displacement of 1 in 60 or 
57.3 minutes of arc, per turn of the drive screw. 

Precise Designs 

One method of producing a macdi finer movomtt is to replace 
the standard micrometer head on the above design, viUi differential 
micrometer heads. The main advantage of this diange, is in respect 
of the effective thread pitch, which is typically O.OSnm. nhis gives 
an angular displac^nent of 1 in 600 or 5.73 minutes of arc at 3Qinn 


leverage length. *I!he cost of the two differential micrometers makes 
the choice of this unit very selective. 

Desirable Design Elements 

Independent horizontal beam translatim. 

mdqpwdent vertical beam translation. 

Precise fine adjustmaits. 

Stable wobble free motion. 

±3*^ range. 

Direct mounting base. 

Alternative mounting options. 

Optional facility for various optical devices. 

Design - with consideration to the above elements 

To achieve independent motions, a three plate systen was 
cfaosei. The Front Plate, Fig. 1, is designed to carry the mirror^ 
which m^ be held using the Retainer, Pig. 2. Interspaced btween the 
Front Plate and the Back Plate, Fig. 3, is located the O^tre Plate, 
Fig. 4. Ihe Back Plate is attached to the Base Plate^ Fig. 5, or 
the Alternative Base Plate, Fig. 6, whidi facilitates a stable 
mounting for the device in its working location. To achieve beam 
translation, the Front Plate must rotate about horizontal and 
vertical axes. Hinge strips. Fig. 7, located at the ^ropriate 
edges of the plates, allow this rotation. Vertical translation is 
controlled by the Drive Mechanism, mounted in the Omtre Plate, and 
pushing the Front Plate at the of^posite edge to its Hinge. 
Similarly, horizontal translation is controlled by the Drive 
Mechanism, mounted in the Back Plate, and pushing the 0»tre Plate. 
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An uninterrcpted aperture, v*ich extends through the Front, CJentre 
and Back Plates, affords flexibility of optical systCTi usage. The 
Hinges^ v*iich are located between the Front and Centre Plates , and 
between the Centre and Back Plates, have been designed to perform 
several functions simultaneously. Firstly, they must maintain a 
n<Mi-twisting relational? betweoi the mating plates. Secondly, they 
need to allow a swinging moticm betweoi the mating plates. Utie third 
function is to maintain positive contact between the relevant Drive 
Mechanism and Plate. ' ^• 

OSie Hinges are manufactured from Copper Berylium shim strips, 
which i*en formed to their profile as shewn, are heat treated to 
introduce a spring like nature in the material. 

Slits, madiined in the Plates, provide mounting locations for 
the Hinges, using a structural adhesive on assenibly. The Hinge 
profile affords a preset spring load between mating plates. 


DRIVE MECHANISM 

Probably the most inportant part of the devioe, the 
design. Pig. 8, v*iich is detailed following the screw theory, 
Gc^italises both on the benefits of a differential screw system, and 
also on its siiiplicity of construction. 

Differential Screw Theory 

Consider a sinple screw and nut arrangenient, ^ere the nut is 
solidly fixed and prevented from any movenient. When the screw is 
rotated one turn, the screw will move by an amount egucd to the pitch 
of the thread. Consider now a siicple screw and nut, ^re the screw 
is prevented from rotating, and the nut from longitudinal movement » 
If the nut is rotated by one turn in a clockwise direction, then the 
screw will move towards the operator, lodcing along the axis of the 
thread, by an amount equal to the pitch of the thread. It can be 
seen from the drawing. Fig. 9, that the two previously described 
screw and nut arrangements are effectively combined. 'A' represents 
a solidly fixed nut, and 'b' a screw vAiich fits through it. Screw 
^B' has a second thread. Olhis is machined down through its axis to 
accept thread 'C'. A device labelled 'd' restricts thread 'c' to 
longitudinal movement only, i.e. prevents its rotation. 

Let us assume that the pitch of thread ^A^ is 1.1mm and the 
pitch of thread 'c' is l.Qmm. Both threads are right hand and viewed 
from the direction as shown. The one conplete clockwise \xm of ^B^ 
will result in the following changes in dimensions R, 3/ and T. 

R will increase by 1.1mm, by virtue of the fact that it moves 
forward through its nut 'A'. 

S will decrease by l.Omn, by virtue of the f^ct that its 
effective nut, screw 'b', moves forward on screw 'c'r which cannot 
revolve. 


In other words R will become R+l.lmm. 

S will became S-l.Oiran. 
therefore T, %diich equals R+S will become 

R?=[R+1.11+[S-1.0J 
l^R+l.l+S-l.O 

a>=R+s+i.i-i.o 

Ti=R*SH).l 

thus T will increase by O.lxnm, ^Ist R will Increase ty l.linn. 

^ Drive Mechanism Design 

Ohe Body, Fig. 10, is machined to close tolerances, with a set 
of posts protruding from one end. These posts locate the Friction 
Disc, Fig. 11, and prevent its rotation whilst still allowing 
longitudinal motion. The Main Screw, Pig. 12, has two threads. The 
outer thread runs in the Boc^, vAilst the Drive Screw, Fig. 13, runs 
in the inner. Fitted to the plain end of the Main Screw is the 
Thimble, Fig. 14. This acts both as a textured knob, with lAuch to 
turn the Main Screw, and also as a cover shield to its thread. The 
Drive Screw is made from a socket set screw and a chrome steel ball. 
Undesired rotation of the Drive Screw is prevaited by manufacturing 
the Friction Disc, with an undersize thread, from a plastic 
material. 

These five conponmts, whei asseinbled, produce the Drive 
Mechanism, which is attadied to the appropriate Plate described 
previously. Threads have been chosen such that one turn in operation 
will result in an effective movamt of O.OSnin on the Drive Screw, 
i.e. c^roximately 6 minutes of arc on the Front Plate. The Drive 
Mechanism mounted in the Centre Plate, passes through the Back Plate 
with sufficieit clearance to ensure an interference free operation. 
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Sunnary 

The oonpleted Adjustable Mirror Mount is shown in Fig. 15, and 
is capable of aligning a light beam, reflected from its mirror, to 
within Imm of a target spot irtiich is 20 metres distant. Ohat is 1 in 
20,000 or 10 seconds of arc. The beam can be translated through an 
angle of 7^ in both the vertical and horizontal. Coarse adjustments 
are activated using a hexagonal wrench inserted directly in the 
appropriate Drive Screw. The range of the fine adjustment is 1^ 
minutes of arc. Both coarse axid fine adjustments operate non 
prefer^tially; they may if desired, be in moticm simultaneously. 

With the exc^ion of the threaded parts, the device is 
finished in matt black. 
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1. A drive mechanism in which one threaded conponent part operates on at 
least two others siiniltaneously to produce differential fine 
movements* 

2. A drive mechanism as claimed in 1 wherein means are provided to 
control rotation by friction whilst allowing axial translation of at 
least one component part. 

3. A drive mechanism as claimed in 1 and 2 \*ierein there are means of 
producing non differential coarse movements. 

4. A drive mechanism substantially as described herein with reference to 
the drawings. 


PrihTWhcrt 1988 aA lbs FatenfeOfflcap State HmM 66^71 Hl^HiQiIboxii,lA^ 

Bales Branch, 8t Maiy Grqy; Oapmgton, EenS BBS SBDi THnted lay Mutttplsx tecbniqpes Ud. Bt ISaiy Cn^, EanL Con. 1/B7. 


